Adenovirus infection in Spanish ibex
J. Hervás, S. López, F. Chacón-M. de Lara, J. Arias, L. Carrasco, J. C. Gómez-Villamandos Numerous adenovirus types have been described in birds, 2, 14 sheep, 3,7,18 swine, 10 horses, 12 and cattle. 17 In ruminants, 6 serotypes of ovine adenovirus (OAV 1-6), 9 bovine serotypes, some serotypes associated with pathologic processes in goats, 1,20 and 2 caprine adenovirus serotypes have been identified. 13 Adenovirus infections are transmitted by feces, aerosols, or possibly fomites to susceptible animals (usually sucklings or recently weaned young) and are highly host specific. 20, 26 Infection is most often subclinical, and disease seems to occur more commonly in immunocompromised individuals. 20 Different strains and serotypes of OAV appear to differ in their pathogenicity and predilection for the intestinal tract, respiratory tract, or other organ systems. Experimental infection of lambs with adenoviruses usually produces lesions that are confined to the respiratory tract. 7, 8 Occasional mild enteritis, 11 focal hepatocellular necrosis and cholangitis, 23 renal tubular necrosis, and interstitial nephritis 5 also occur.
Only 5 reported cases of adenovirus infection have occurred in goats: in association with outbreaks of peste des petit ruminants in Senegal 20 and Nigeria, 13 in a goatex with respiratory disease in Israel, 1 in a pygmy goat kid with hepatic disease in California, 26 and in a kid with diarrhea in the Canary Islands. 21 Neither disease nor serologic surveys of antibodies related to adenovirus infection have been reported in the Spanish ibex (Capra pyrenaica hispanica).
Seven Spanish ibex kids 5-6 months old were captured alive in the Sierra Nevada National Park (Spain) as part of a protection and repopulation program for this species. Forty-five days after capture, coinciding with weaning, three of the captured kids exhibited hyperthermia (41.5 C), asthenia, anorexia, intense dyspnea with abdominal respiration, cough, and bronchial rales. All three died within 24-48 hours following onset of the process. Necropsy revealed hydrothorax, moderate hydropericardium, and pulmonary congestion; focal necrosis was visible in the adrenal cortex. No relevant gross changes were observed in other organs. Lung samples were submitted for microbiologic analysis. Bacterial isolation was performed using routine media, including 5% sheep blood agar, MacConkey agar, a TKT agar, b Baird-Parker medium, c and tryptose broth with 5% serum. c All samples were incubated in aerobic conditions, with the exception of blood agar (5% CO 2 ). Bacteria were identified by their growth in sets of metabolic substrates; these procedures were both manual d and automated. d Sterile swabs soaked in tissue obtained following incision of the cauterized lung surface were placed in test tubes containing sterile medium c for mycoplasma isolation. Attempts to isolate bacterial agents or mycoplasmas were negative.
Samples of digestive tract, liver, spleen, kidney, bladder, lung, mediastinal lymph node, adrenal glands, heart, and central nervous system were fixed in 10% formalin and submitted to the diagnostic service of Veterinary Faculty of Córdoba.
Formalin-fixed samples were routinely processed in paraffin for light microscopic examination. Tissue sections 4 m thick were stained with hematoxylin and eosin (HE) and Feulgen to detect DNA and Fraser-Lendrum to detect fibrin. 19 For electron microscopy, formalin-fixed adrenal cortex tissues were cut into 1-mm cubes, washed overnight in 0.1 M phosphate buffer containing sucrose, postfixed in 1% osmium tetroxide, dehydrated in acetone, and embedded in epoxy resin. e Thin sections (50 nm) were cut, stained with uranyl acetate and lead citrate, and examined in a transmission electron microscope. f The most unusual finding at histopathologic examination was multifocal necrosis of the adrenal cortex, affecting the zona glomerulosa, fasciculata, and reticularis. Necrotic foci were surrounded by a mild inflammatory reaction consisting of mononuclear cells (macrophages and lymphocytes) and abundant cell debris (Fig. 1A) . Parenchymal cells from the zona glomerulosa, fasciculata, and reticularis, observed both in and adjacent to necrotic areas, contained 2 types of intranuclear inclusion bodies (IIBs). In some cases, basophilic IIBs completely occupied the nucleus; in others, acidophilic IIBs were surrounded by a clear halo. In both cases, there was peripheral margination of chromatin, and the nucleus of affected cells was considerably enlarged (Fig. 1B) . IIBs were also observed in mononuclear cells infiltrating the adrenal parenchyma. IIBs were positive with the Feulgen's technique, suggesting that they could be the result of a DNA viral infection.
Capillaries were hyperemic, and some contained fibrin deposits and microthrombi. IIBs were visible in a small number of endothelial cells.
Interstitial pneumonia was present in the lung, with alveolar septal thickening as a result of both vascular changes (vasodilatation, hyperemia, edema) and pneumonitis caused by mononuclear cell infiltrate. A few alveoli contained al-veolar macrophages and small amounts of cell debris. No IIBs were observed in pulmonary cell populations.
In the remainder of the organs examined, there was intense hyperemia and disseminated intravascular coagulation. Small foci of ischemic necrosis surrounded by low numbers of inflammatory cells were seen in liver, kidney, and heart. Nuclear inclusions were not visible in necrotic foci or in inflammatory cells. IIBs were occasionally observed in renal tubular epithelial cells, histiocytic infiltrates, and interstitial capillary endothelial cells of the kidney.
Ultrastructural analysis identified the intranuclear inclusion bodies observed by light microscopy as adenovirus replication sites containing numerous hexagonal viral particles 70-75 nm in diameter with a 50-55-nm core and surrounded by a dense capsid structure. Viral particles were either scattered throughout the nucleus ( Fig. 2A ) or in paracrystalline arrangements (Fig. 2B ) and were associated with aggregates of moderately electron-dense, amorphous material. Nonenveloped hexagonal virions were observed in the cytoplasm of infected cells ( Fig. 2A) .
Ultrastructural characteristics, including numerous cytoplasmic lipid droplets, extensive smooth endoplasmic reticulum, and vesicular mitochondrial cristae, allowed some cells containing IIBs to be identified as steroid-producing cells. Clusters of viral particles were observed in the nucleus of lymphoid cells (characterized by round nuclei and scant cytoplasm) infiltrating the adrenal parenchyma ( Fig. 2A) and in elongated cells considered to be fibroblasts or reticular cells. Intranuclear virion clusters were also observed in a small number of endothelial cells of interstitial capillaries. In a moderate number of interstitial capillaries, the lumina were occluded by erythrocytes surrounded by fibrin. Necrotic foci in the adrenal cortex contained clusters of nonenveloped hexagonal viral particles roughly 70 nm in diameter.
Viral particles seen in the various cell types were morphologically consistent with adenovirus; 15 this finding and the morphologic characteristics and staining properties of the IIBs observed in various locations support the diagnosis of adenovirus infection. This is the first reported outbreak of adenovirus infection in Spanish ibex; development of adrenalitis associated with adenoviral replication has not previously been reported.
Adenovirus infection in goats has been associated with 2 serotypes of capriadenovirus, 13 oviadenovirus type 5, 20 and bovine adenovirus. 1 Inclusion bodies have been reported in natural adenovirus infection in goats. Cells containing inclusions include bile duct epithelium, hepatocytes, 26 and intestinal epithelial cells. 21 In sheep, inclusion bodies have been reported in respiratory tract epithelium 7, 8 and bile duct epithelium. 22, 23 Observation of inclusion bodies in adrenal glands has not been previously reported in animal or human adenovirus infections.
Virus replication in adrenal cortex parenchymal cells highlights the epitheliotropic character of this agent. Adenovirus replication in endothelial cells has been reported in canine viral hepatitis 27 and in splenoenteritis in psittacines. 14 This is the first report of adenovirus replication in the endothelial cells of small ruminants. Replication and endothe-lial cell necrosis may be responsible for the disseminated intravascular coagulation observed in this case.
Viral replication in lymphocytes has not been previously reported in natural or experimental adenovirus infections of small ruminants, although it has been observed in other types of adenovirus infections. 14 The interstitial pattern of the pulmonary lesion seen in the Spanish ibex was similar to pulmonary lesions produced in lambs inoculated with different OAV serotypes 5, 11, 24 and in a natural adenovirus disease in a kid. 26 Subsequent systemic involvement leads to the death of animals in a state of shock, associated with vascular collapse and endothelial cell damage. Shock may be associated with the intense necrosis of the adrenal gland and vasculitis.
The pathogenic capacity of adenoviruses in small ruminants, if considered as the sole etiologic agent involved in pathologic processes, is relatively limited because most strains do not induce clinical signs. 4, 20 The most severe and variable symptoms and the most complex lesions are observed in cases of natural disease, possibly because of the combined action of adenoviruses and other pathogenic agents such as bacteria, viruses, mycoplasmas, and chlamydia. 6, 9, 13, 16, 25 Mixed infections are most serious in animals predisposed by malnutrition, parasitism, or immunosuppression caused by factors such as inadequate hygiene, poor ventilation, and stress. 20 In the present study, the young age of the animals (5-6 months), capture conditions, and adaptation to a new habitat but primarily the weaning process may have acted as major stress factors, triggering the state of immunosuppression required for the disease to develop. 
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